ABSTRACT: We investigated the nocturnal activity of cave-dwelling sand flies at different time intervals and determined their species composition and seasonal variation. Sand flies were captured on one night each month using CDC light traps from 18:00-06:00 with the collecting bag being changed every two h between February, 2010 and January, 2011. A total of 18,709 individuals, including 10,740 males and 7,969 females, was collected. The overall ratio between male and female specimens was 1:0.74. The collected specimens included 14 species from four genera, Chinius, Idiophlebotomus, Phlebotomus, and Sergentomyia. Sergentomyia phadangensis was the most abundant species (comprising 31.9% of the collected individuals), followed by Se. anodontis (22.8%) and Ph. mascomai (18.2%). The highest number of specimens was collected in July (15.6%), followed by May (15.5%) with the peak of collection recorded at the time interval of 00:01-02:00, followed by 22:01-00:00. However, there were no significant differences observed among time intervals of sand fly collections (p=0.154). Observations of the nocturnal activity of male and female sand flies throughout the night suggest that phlebotomine sand flies show the greatest activity level after midnight. Journal of Vector Ecology 43 (1): 52-58. 2018.
INTRODUCTION
Phlebotomine sand flies (Diptera: Psychodidae) are vectors of the parasites that cause leishmaniasis and other tropical diseases (Ready 2013 ). This disease is considered a neglected tropical disease, endemic in 88 countries and responsible for 20,000 to 30,000 deaths worldwide (WHO 2015) and an estimated 700,000 to 1 million new cases each year. Leishmania has a wide geographical distribution (Ramírez et al. 2016) . In Thailand, Leishmania donovani and Leishmania siamensis are found to be the causative agents of visceral leishmaniasis (Sukmee et al. 2008 , Bualert et al. 2012 .
About 40 species of Phlebotomus spp. are suspected or proven vectors of Leishmania spp. worldwide (Alexander and Maroli 2003) . Only adult females feed on blood that provides the nutrition required to develop their eggs and consequently transmit the protozoa to the host (Killick-Kendrick 1999) . In Thailand, the sand fly fauna is found at different locations in different provinces (Polseela et al. 2007 , 2011 , 2016a , 2016b , Sukantamala et al. 2016 ). Twenty-seven described (Polseela et al. 2016a (Polseela et al. , 2016b , and several undescribed (Polseela et al. 2016b , Sukantamala et al. 2016 ) species of sand flies have been reported from Thailand. Recently, some species of sand flies found in Thailand have proven to be potential vectors of Leishmansia siamensis (Kanjanopas et al. 2013) .
Most sand flies are nocturnal or crepuscular, with their highest activity recorded after sunset (Dinesh et al. 2001 , Sawalha et al. 2003 . The nocturnal behavior of sand flies has been studied in several countries where leishmaniasis is endemic (Guernaoui et al. 2006 , Kasap et al. 2009 ). Previous studies in western Saudi Arabia show the nocturnal activity of sand flies has different patterns in different regions (Badry et al. 2008) . However, it is important to note that both the trapping system and their night activity play key roles in the study of sand flies. Very few studies have investigated the nocturnal activity of sand flies in Thailand. Therefore, the objective of this study was to investigate nocturnal activity of sand flies at different time intervals and determine their species composition and seasonal variation at Phadang Cave, Phitsanulok, Thailand.
MATERIALS AND METHODS

Study area
Phadang Cave (16°30'58.8"N, 100°40'00.5"E), Noen Maprang district, Phitsanulok Province (Figure 1 ) is located in lower northern Thailand. Phadang Cave is a limestone cave in the foothills of the mountains consisting of two asymmetrical caverns. This cave is estimated to be 15-80 m wide, 80-100 m long, and 1-20 m high. The area of this study is mountainous and approximately 108 m a.s.l. The cave may be wet or dry depending on the season and the amount of sunlight it receives. The cave is open and can be accessed by tourists, and bat colonies have also been identified inside. Many houses have been built on hillsides near the cave 2-3 km away. Average temperatures and relative humidity range from 16.0 to 40.6º C and 40-80%, respectively, while average annual rainfall is 1,368.6 mm (Phitsanulok Meteorology Station, department of Meteorology, Thailand).
Sand fly collection and identification
Sand flies were collected with modified CDC light traps (Cohnstaedt et al. 2008 ) monthly between February, 2010 and January, 2011. The traps were placed at approximately 50-100 cm above ground level in the cave. Ten traps were set from 18:00 to 06:00 for one night each month (a total of 12 nights) and each trap was placed approximately 8 m apart from one another. The collecting bag of each trap was changed every two hours. A total of six collections per night were performed. Collected specimens were stored in 90% ethanol and brought back to the laboratory.
The specimens were sorted by sex and subsequently dissected on sterilized glass slides. The head and abdomen of each specimen were mounted on a glass slide using Hoyer's medium. Sand flies were identified principally based on morphologic characteristics: mainly internal structures, such as the spermatheca, cibarium, and pharynx for females, and terminal genitalia for males, using the taxonomic keys of Lewis (1978) and other related keys where feasible (Depaquit et al. 2009 , Muller et al. 2007 , Polseela et al. 2016a .
Differences among frequencies of capture related to time intervals of capture were compared with a chi-squared test. Values of P<0.05 were considered statistically significant.
RESULTS
A total of 18,709 phlebotomine sand flies, including 10,740 males and 7,969 females, was collected from Phadang Cave. The specimens were sorted into 14 species comprising four genera (Chinius, Idiophlebotomus, Phlebotomus, and Sergentomyia) ( (Table 1) .
The largest number of sand flies was recorded in July (15.6%), followed by May (15.5%) and June (9.9%), while the lowest number of sand flies was recorded in December (3.3%) (Figures  2 and 3) . The number of males was lower than females in the four months of January, February, November, and December (data not shown). Notably, for Ph. barguesae and Se. perturbans, only female sand flies were found throughout the period of the study.
Overall the number of sand flies collected through six time intervals fluctuated between 11% and 22% (Table 2) , and the number of male sand flies was greater than females in every time interval (Figure 4 ). The highest peak activity of adults was recorded at the time interval of 00:01-02:00 (22.8%), followed by 22:01-00:00 (21.6%). However, there was no statistically significant difference between the six time intervals of collection (p=0.154). The minimum number of sand flies captured was between 04:01-06:00 (Table 2 and Figure 4 ). Besides that, nocturnal activity at species level shows that Ph. mascomai, Se. phadangensis, and Se. anodontis are most active in April, which is not similar to the overall observation with peak activity in July ( Figure 5 ).
DISCUSSION
By capturing phlebotomine sand flies in Phadang Cave, we found different nocturnal activity and abundance throughout the night in different time intervals of capture. There are several factors that influence the capture and abundance of sand flies, such as trap height and placement (Gaglio et al. 2014 ) and the trapping system (Fahmy et al. 2009 ). Fourteen species were collected in this study, including the recently described species, Se. phadangensis (Polseela et al. 2016a ).
All traps were positive for sand flies throughout the studied period. Se. phadangensis was the most abundant, accounting for 31.9% of captured individuals. This finding was different from a study in Satun province, southern Thailand, which found that Se. gemmea (57.2%) was the most abundant species (Panthawong et al. 2015) and from Uthai Thani province, central Thailand (Polseela et al. 2015) , where Se. anodontis (55%) was the most abundant. This difference may be due to differences in average rainfall, temperature, and geography. Regarding the monthly collection of sand flies, the greatest numbers of specimens were collected in July (15.6%). However, we found that at the species level the three highest captures (Ph. mascomai Se. phadangensis, and Se. anodontis) shared the same nocturnal activity patterns with peak activity in April but differed from the entire population with peak activity in July. This finding was similar to studies conducted in Saraburi, central Thailand (Polseela et al. 2007 (Polseela et al. , 2011 , while the studies conducted in Uthai Thani, central Thailand, found the highest number of sand flies in December (28.5%) (Polseela et al. 2015) , and a study on the island of Chumphon in southern Thailand reported the largest number of sand flies in June (Chittsamart et al. 2015) . Additionally, in Morocco, it has reported the highest peak activity of sand flies to be in November (Boussaa et al. 2005) . These different finding are likely to be related to environmental factors such as climate (Boussaa et al. 2005) . For instance, temperature plays an important role in the distribution of Phlebotomus papatasi (Singh 1999) .
The greatest nocturnal activity of adult sand flies was recorded at the time interval of 00:01-02:00 (22.8%). This observation is similar to that reported for the northern Sinai, Egypt, where the highest peak activity of sand flies was found after midnight (00:01-02:00) (Fahmy et al. 2009 ). Our present study differs from the previous study conducted in Italy, in which the time interval of 20:01-22.00 found the highest number of sand flies (Gaglio et al. 2014) . The differences in peak activity of sand flies might again be due to climatic factors such as temperature and relative humidity (Guernaoui et al. 2006) . Some studies suggested that the peak activity of sand flies shifted from early evening (20:00-22:00) to late night (22:00-00:00) due to seasonal changes (Coleman et al. 2006) .
With regard to the sex of sand flies captured, the result show that the male and female ratio was 1:0.74. This contrasts with previous studies. The sex ratio (male: female) of sand flies captured in Saraburi, central Thailand was 1:2.5 and 1:1.9 (Polseela et al. 2007 (Polseela et al. , 2011 ) and also 1:1.63 in Satun, southern Thailand (Panthawong et al. 2015) . However, a report suggested that male sand flies are 4.7 times more common than female sand flies in southern Chukurova, Turkey (Kasap et al. 2009 ). Additionally, some previous reports suggested that the male to female ratio was 1:0.92 in western Saudi Arabia (Badry et al. 2008) , with higher ratios in central Iran (1:0.5) (Emamia and Yazdib 2008) and urban areas of Marrakech, Morocco (1:0.43) (Boussaa et al. 2005) . The higher proportion of males captured by CDC light traps could be explained by a natural behavior in which the male follows the female to ensure fertilization during their displacements (Barata et al. 2004) .
Understanding monthly variations and nocturnal activities of sand flies at different time intervals is important to determine the period of highest risk of Leishmania transmission. This study could lead to a prediction of upcoming threats from increasing numbers of sand fly species as potential vectors for leishmaniasis in Thailand. Moreover, such studies contribute to an interdisciplinary scenario for implementation of a control program to prevent human to sand fly contact.
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